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(57) PecjDepaT; 

M3o6peTeHne othocmtch k 
BbicoKOTeMnepaTypHOM cBepxnpoBOAWMocTU m 
Mo«ceT GbiTb ncnonb3OBaK0 Ann nonyMeHMH 
OAHO>KMnbHblX m MHoroacwibHbix 

KOMn03ML^WOHHblX npOBOflHUKOB Ha OCUOBe 

KepawiMKM (Bi, Pb)(2)Sr(2)Ca(2)Cu(3)0(y) c 

BblCOKMMM CBepxnpOBOAflLU.MMH CBOMCTBaMH. 

Cyii^Hocrb MaoBpeTeHMH: KOMno3MU,MoHHyro 
aaroroBKy AeapopMnpyrar, a aaTewi noAaeprahOT 
TepMOMexaHM^ecKofl o6pa6oTKe, flpw 3tom ao 



AeqbopMau.ww mjih b npoMe?KyTKe wie?KAy 
AeiopMaunRMH npowsBOAtfT AononHMTeribHyjo 
T©pMOoSpa6oTKy KOMno3MU,woHKoCi aaroTOBKn b 
MHTepBane Tewineparyp 780 - 815°C b TeHenwe 
He Menee 10 h. Cnoco6 yjiymuaex 
CBepxnposoARLMne csoflcTBa npoBOAHMKOB, 
nnoTHOcTb KpnTHMecraro TOKa, waiuepeHHaR npw 
TeMnepaiype wwAKoro aaoTa, yBennHMBaeTcn b 

3aBMCMMOCTM OT KOHCTpyKLJMW npOBOAHUKfl B 5 

pa3. 1 Ta5n. 
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(54) METHOD FOR PRODUCING SILVER SHEATHED, HJGH-TEMPERATURE SUPERCONDUCTING CERAMIC 
BASE COMPOSITE CONDUCTORS 



(57) Abstract: 

FIELD: high-temperature superconductor 
engineering. SUBSTANCE: single and stranded 
composite conductors are based on ceramics 
(Bi, Pb)(2)Sr(2)Cap. Cu(3)0(y) possessing 
high superconduction properties. Composite 
blank ts deformed and then subjected to 
the rmo mechanical treatment. Prior * to 



deforming, or during intervals between 
deforming procedures, blank is subjected to 
additional heat treatment at 780-815 C for 
at least 10 h. EFFECT: improved 
superconducting properties of conductors; 
five limes as high critical current density 
measured at liquid nitrogen temperature 
depending on conductor design. 1 tbl 
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M3o6peTeHMe othocmtch k 
BbiconoTeMnepaTypHoPi CBepxnpoBOAHMoc™ m 
MOX<eT GbiTb Mcnorib30BaHo /yifl nojiyneHMfl 

OAHO«MribHblX M MHOrOJKMflbHblX 

KOMn03M14MOHHblX llpOBOflHMKOB HS OCHOBe 

KepaMMKM (Bi t 

Pb)(2)Sr(2)Ca(2)Cu(3)0(y)-(Bi-2223)c 

BblCOKHMM CBepxnpOBOAfllMMMM 

xapaiaepMCTHKaMM. 

MaBecTeH cnoco6 nojiyneHMfl MHoro>xvinbHbix 

KOMn03WUM0HHblX npOBOflHUKOB B CepeSpRHOR 

oGononxe Ha ocHose xepaMwxw 
ai-Pb-Sr-Ca-Cu-O, npn kotopom coBMenieHMeM 
cnocoCoB anexrpocfropesa w jelly-roll [1] 

3aKT1HDMaHDLAerOCfl B HSMOTKe HCXOflHOfi 
fieHTOHHOM 3arOTOBKM 

Ag/Bh2223(Ag/Bi-2223/Ag) b cnHpanb, 
nonynaKDT npexypcop, ynaxoBbiBaiOT ero b 
copeSpflHyto ooonoHKy m flecj^opMMpyioT 
nonyMeHHyto xoMno3HUHOHHy>o 3aroTOBKy. 
nonyneHHbiM npoBOAHMK TepMooSpaoaTbiBaiOT 
npu TeMnepaiype (T) 83Q°C b TeneHne 24 h m 
oxnajKAatOT b nenn ao xoMHaTHofi TeiwnepaTypbi. 

Han6onee 6nn3KMM k npeAnaraeMOMy 
TexHWMecKOMy peiueHMK) ABrmeTcn cnocoo" 
nanyMeHvin mh oro>xm~ibH bix xoMnosML^OHHbix 
npoBOflHMKOB b cepe6p*Hofl o6onoHKe Ha 
□CHOBe KepaMMKM Bi-2223, npn kotopom 
coBMeu^eHMeM cnocoo"OB "nopouuox b TpySe" m 
Jelly-roll nonyMatoT npexypcop, ynaxoBbiBaxyr 
ero b cepeSpflHyro oSononxy m AecjDopMkipyioT 
(3KCTpy3MeM) npn B40°C c &watoeTpa 8 10 mm ao 
AnaMeipa 2 4 mm. nonyneHHbifl npoBOAHMK 
noflBepraioT TepMOTexHu^ecxoR oSpaooTKe 
(TMO) npw 840 °C b TeneHue o6mero BpeMeHw 
100 300 h. MaKcwMaribHoe aHaneHne nnoTHOCTM 
xpmwHecxoro TOKa npw TeMnepaiype >KHAKoro 
asoTa b HyneBOM MammHOM none (|k(N 2l O 
Tn}) y npoBOAHMKOB, nojiyneHHbix no 
onucaHHoMy cnococy, cociaBuno 3200 
A/cm 2 [2] npoTOTun. 

Ochobhum HeAOcrarKOM aToro cnocooa 
HBrmeTCfl nnoxafl reoMeipvm xepaMHHecxofl 
cepAueBUHbi M. HMSKDe Ka^ecTBo rpaHMi^ pasfle/ia 
KepaMMKa-cepe6po, hto oTpni^aTenbHo 
GKa3biBaeTCfl Ha ycnoswyix cfcopMwpoBaHws 
4ia3bi Bi-2223 w He mo>k©t ooecnenuTb BbicoxviPi 

ypOBeHb KpHTM4eCKMX TOKOB. 

CyiiiHOOTb M3o6peTeHnn coctomt b tom, hto 
b cnocooe nonyHeHi/m KOMnosHLjkioHHbix 
npoBOAHMKOB wa ocHoae BbicoxoTeMnepaTypHofl 
CBepxnpOBOAauL|eM BMCMyTOBOM Ke pa mm km b 
cepeGpyiHOW ocononKe, BKntonajoiAeM 
nonyHenifle xoMno3W4HOHHO& saroTOBxw, ee 
AeqbopMaMHio m TMO, nepeA flecfiopMaL^etf 
KOMnosML^MOHHoW aaroTOBxw Mfin b npOL^ecce 
stoCi AecfJopwaMMM, Me>KAy CTaAHAMM 
Ae0opMaL\nn l npoBOflflT AononHHTenbHyjo 
TepMoo6pa6oTKy b MHTepBane TeMnepaiyp 780 
815°C b reneHMe He MeHee 10 m. fleqbopMaLjwo 
npoBOA^T nMO"o 3KCTpy3Metf, nn6o kobkom, jiuSo 
BonoHeHnew, nn6o npOKaTK0ft T jiudo 
coHeTanneM 9tmx cnoco6oB. 

Ha craflwM nonyMeHMfl KOMnosnL^noHHoPi 
aaroTOBKM BI-KepaMUKa/Ag b cepe6pflHyio 
oGonoHKy repMeTHWHo ynaKOBbiBaraT npeKypcop, 
B KanecTBe npeKypcopa Mcnonbsyror nn6o 
cocTa B ny fo KOMriOsMi^noHHyro saroTOBKy, 
nonyMeHHyKD coBMeii^eHMeM cnoco6oB "nopoiuoK 
b Tpyoe" m jelly-roll (MHoroKMiibHaa 
KOHCTpyKL^MA nposoAHMKa), jim6o nopoiuoK Bi 
KepaMMXM (0AH0>KLinbHafl KOHcrpyKL|Mfl 
npoBOflHMKa). 

Ha cTaAUM nonyMeHun KOMnosnuMOHHo^ 
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saroTOBKM Bi-xepaiwkiKa/cepe6po, bo BpeMfl 
MsroTOBiieHMfl npeKypcopa n ero ynaKOBKM b 
cepe6pnHyio oGonoHKy b nopoujKe 
HaKannnBahOTcn HepaBHOMepHO 
pacnpeAeneHHbre HanpflaceHMfl. ripoaeAeHne 
AononHHTeribHDM TepMOo6pa6oTKH Ha so3Ayxe b 
viHTepBane reMnepaiyp 780 - 815 6 C b reneHMe 
ne MeHee 10 m ao AecfcopMauKM (mjim Me>KAy 
AecfiopMaL4MflMM) cnoco6cTByeT 6onee 
pasHoMepHoft penaKcai^nM BHeceHHbix 
HanpfDKeHMW b nopou_iKoo6pa3HyK) cepflLieBMHy 
m ? cneAoBaTeribHO, ycTpaHeHMfo npMMMH 
nonBJieHun KpynHbix TpemviH, KOTopwe, ksk 
noKasan onbiT, TpyAHO 3aneHMBafOTcn npn 
nocneflyioLi4Mx TepMooSpaCoTKax b npoi4ecce 
TMO. CHBTMe Hanpn>*ceHnR BeAer k ynyMLueHnw 
reoMerpnn cepflL^eBHHbi vi ynyHLueHMio KanecTBa 
noBepxHOCTki paaaena KepaMHKa-cepe6po 
{ynyHiuaeTCfl rnaAKocTb rpaHMUbi pasflena), Ha 
kotopom npw nocneflyioLMePi TMO HanMHaeTC^ 
pocT cBepxnpoBOflflinea oba3bi Bi-2223. KpOMe 
Toro, b npoqecce AonoriHMTenbHoW 
TepMoo6pa6oTKM BeposiTHO 06pa3osaHne 
HecBepxnpOBOAJiiMWx q^a3 Heo6xoflMMoro 

COCTaBa f HaXOflflLUMXCR B 5KMAKOM COCTOHHMH 

npw peKOMeHAyeMbix TeMnepaiypHbix pe?K^Max. 
Hx HanwHwe no3BQnaeT npn nocneAytoiL|Mx 
TepMoo6pa6oTKax, b npoijecce TMO ( 
sanenwBaTb 06pa3OBaBLUnec5R Aeq^eKTbi 

MMKpOCTpyKTypbl, 

TaKMM o6pa30M, AonoriHMTeribHan 
TepMoo6pa6oTKa BbFnonHneT AByeA^Hyto 
saAa^y: c oahom cTopoHbi, McnpaBrmoT 
Aeq^eKTbi MMKpocTpyKrypbi, 3ano>:eHHbie b 
nposoAHMK Ha HananbHbix aTanax ero 
MsroTOBfieHMR, c flpyroft CTopoHbi, cosAaeT 
ycnoBHfi, GjiaronpMflTHbie Ann nocneflyioLMero 
(npn TMO) HanpaeneHHoro pocTa 
CBepxnpoBOAHLi^ePi c£a3bt Bi-2223 B o6"beMe 
KepaMvinecKoPi cepAMeBMHbi. hto BeAeT x 
yseriMHeHMK) nnoTHOCTM KpnTHHecxoro 
roKa « ao 5 pa3. 

npoBeaeHHe AononHMTeribHoCi 
TepMoo6pa6oTKM Ha eosAyxe npn TeMnepaiype 
HMKe 780°C He npusoflur k yBennneHMio 
TOKOHecymeCi cnoco6HocTM npoBOAHMKOB, Tax 
xaK npw T <780°C He npo^cxoflHT o6pa30BaHMe 
HecBepxnpoBOAnii4MX cjias Heo6xoflMMoro 
cocrasa. 

YBejiMHeHMe TeMnepaTypbi flonoJiHMTejibHoPi 
TepMOo6pa6oTxn Ha BOSAyxe Bbiiue 815 D C He 
i4ejiecoo6pa3Ho ( Tax xax Bbiuie aToCi 
TSMnepaTypbi hpohcxoaht aaMSTHbiPi pocr c^aabi 
Bi-2223, hto He rcenaTejibHO, Tax xaK npn 
nooneAytc-LMUx AeqbopMaunflx, bxoa^luhx b 
TMO, npowcxoAMT AP°6neHne xpucTannoB 
qba3bi Bi-2223 m noqBneHne AonoriHMTejibHbix 
Tpeu^HH, 

npoBefleHHe AononHWTenbHow 
TepMOo6pa6oTxn b TeneHne MeHee 10 h He 
npusoAviT x yBenMHeHMK) TOKOHecymetf 

CnOCO6H0CTW npOBOAHUKOB M3-3B 

AHc|)ct)y3MOHHbix orpaH^MeHMM npoqeccoB 
o6pa3oeaHnn HecsepxnpOBOAflLMUX qbaa, nx 
pacnnaBneHMfl n aane^MBaHHfi TpeiAMH. 

BfiviFHwe AOnoriHMTeribHOM TepMOo6pa6oTXn 
Ha yBenwHeHwe TOKOHecyiqeti cnoco6HoCTM 
Sbrno npoaepeHO Ha OAHOKuribHbix m 
WHoroxci^nbHbix npoBOAHnxax. KoMnoanL^MOHHbie 

npOBOAHMKM paSJIMHHblX XOHCTpyXL^HPi Ha OCHOBe 

BbicoxoreMnepaTypHotf cBepxnpOBOAfliA e ^ Bi 
xepaMUxvi b cepe6"pflHotf o6onoHKe nonynariM b 
Hecxonbxo cTaAMK. 

B cnynae oaho^mji a hom KOHCTpyxL^ 
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KepaMi/NecKHB nopoLUoK cocraBa 

Bi(2*x)Pb{x)Sr(2)Caf2-y)Cu(3-y)0(z) > me 
0 <x<0,4; 0<y<1, coflepxcaLnn^ opa3y 
Bi(2)Pb(0 ( 4)Sr(2)Ca(1)Cu{2)O(z)-Bi-2212 b 
KOJiMMecTBe 10 90% OKCMAbi M Kynparbi 
OTfle/ibHbix aneMeHTOB repweTMMHO 

ynaKOBbiBann b cepeBpHHyto o6ono^Ky, 3aTewi 
nonyHeHHyro KOMnoatmnoHHyro aaroTOBKy 
AecjDopMMposann "3KCTpy3nePi cflwawieTpa 10 mm 
AO flMawieTpa 4 mm npn 270 400 °C, npoBOflnxin 
flonojiHviTenbHyfO repMoo6pa6orKy na B03flyxe 
npn 780 M S15°C b TeMeHne 10 M 20 M npn 
Ka>KflpPi reMTepaType. flanee npoBO^HMK 
npoKaTbiBann flo Tonm^Hbi 0,3 0,1 mm m 
noABepranw TMO c 2 3 npOMettyio^HbiMM 
npeccoBaHMAMM np/ 820 880 °C B tsmshm© 
oBmero BpeMeHM 100 300 m. 

B onynae MHoroaoiJibHOtf KOHCTpyKi^MM 
KepaMHMecKnW nopoiuoK cocTaea 

Bi(2-x)Pb(x)Sr(2)Ca(2-y)Cu(3-y}0(z), rAe 
0 <x<0 t 4; o<y<1, coAepxaLAHfi c£asy Bi-2212 b 
KonnMecTBe 10 90% oncuAbi m KynpaTbi 
oTflenbHbix sneMeHTOB repMeTMMHo 
ynaKOBbiBariM b npoMe^TOHHyto cepe&pflHyio 
o6ojiOMKy, 3aTBM npoMa^KyTOHHyro 

KOMno3Mi_\MOHHyjo 3aroTOBKy npoKannBann b 
neHTy. JleHTy c KepaMMHecKotf cepAi^eBMHoPi 
HaKpyHMaaJiM Ha CTepKaHb, nonyHBHHbifi 
npeKypcop noiwe^ariH b cBpeepflHyw Tpy5Ky v\ 
repMeT^^HO ynaKoabiBanvt. CocTaBHyto 
KOMno3ML\MOHHyn3 aaroTOBKy noflBeprann 
flono^HVJTexibHoR TepMOo6pa6oTK6 Ha B03Ayxe 
npw 780 m 815°C b reMeHne 10 m 20 m npu 
Ka>KAOM TeMnepaType. flanee npoBOAnnn 
3KCTpy3Mio c AkiaMerpa 10 mm ao fli/iaMerpa 2 4 
mm npw TeMnepaType 320 42Q°C h 
TepMOMexai-MMecKyHD o6pao"OTKy c 2 3 
npoMeKyTOHHbiMM npeccsoBaHMflMM npw 
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B20-680 oq B T eMeHMe oo^ero BpeMeHU 100 
300 m. 

B cnynae MHoroHcun bHoro npoeoAHWKa 
kicnonb30Banu] Aec£opMai4Hio He TOribKo 
3Kcrpy3neR, ho m BonoMeHM&M c AnaMeTpa 10 
mm flo A^aMeTpa 2,5 4 mm (10% AecfcopMai4uw 3a 
npoxoA) r m AononHHTe/ibHyK) TepMooo"pa6oTKy, 
Ha B03Ayx© npw 780 m 815°C B reMeHne 10/20 
4 npw Ka>KAofl TeMnepaType npoBOAnnn ao 

BOriOMeHMfl. 

B Ta6nw4e npeflCTaBJieHa KpnTunecKan 
nnoTHocTb TOKa, Jk(N 2 , O In), npoBOflHMKOB, 
nonyneHHbix no onucaHHOMy Bbiiue cnocoSy w 
cnocra6y-npoTOTnny. Ma npeAcrasneHHbix b 
raCnuqe flaHHbix bhaho, mto BBefleHUe 
AonojiHMTenbHofl repMOo6pa6oTKM na 

npOBOflHUlOX OAUOHOI/lbHOR KOHCTpyKL^MW 

nosBonnno yBennM^Tb Jr(N2)« b 5 pas. 
BBeABHHe AononHMTenbHoCi TepMoo6pa6oTKM Ha 

npOBOflHUKaX MHOETHKMTIbHoR KOHGTpyKl^HM 

no3Bojinno yBennHMTb Jk(n 2 ) na 200 450 

A/cm 2 . Eojiee Hn3KHfl ypoeeHb 3HaMeHMR 
Jk(N 2 ) Ha MHoro>KMJibHbix npOBOAHurax 

o6"bficHfleTCfl KOMnneKCOM npunnH, CBflaaHHbix c 

HX KOHCTpyKTHBHblMH OCOBeHHOCTflMM . 

d>opMyna M3o6pejeHMfl: 

CnocoG nonyneHMfi KOMnosni^noHHbix 
npoBOAHUKOB Ha ocHOBe BbicoKOTeMnepaTypHoR 
CBepxnpOBOAHLAeR BUCMyTOBOM KepaMUKM B 
cepeSpaHo^ o6onoHKe, npn kotopom nony^anOT 
KOMno3ML|MOHHyio 3aroTOBKy, npon3BOAflT ee 
n ocra ah R Hy 10 fleopopMai^MfO \A 

TepMOMexaHM4ecKyK3 o6pa6oTKy, 
oTnu^atoimiRcfl Tew, ^to nepefl Aeo>opMaqnePf 
wnn Me>KAy ee CTaAkiHMw KOMno3Mi4HOHHyio 
saroTOBKy AononHMTenbHO TepMoo6pa6aTb]&aioT 
Ha B03flyxe b HHTepsa/ie reMnepaiyp 760 
815 °C b TeMewwe He Menee 10 M. 
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CpaBHKTejEbHas xapaKTepucTHKa UpOBOflflHKOB 
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*b TaSJiwi^e yKasaHy cpeHHHe sHa^eHwa Jk(N^) flju? Ka*5?oE cepHH oC- 
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